ABSTRACT This paper investigates the power allocation in millimeter-wave multiple-input multipleoutput systems. The asymptotic concavity of the sum rate of the system is utilized to form the proposed power allocation approach. In contrast to the traditional approaches, the proposed approach utilizes a channel asymptotic orthogonality-based approximation which is more suitable, thus achieves higher spectral efficiency. The analysis demonstrates that the sum rate of the system increases as the number of antennas increases. Numerical results verify the analysis and show that the proposed approach can perform better than those traditional approaches.
I. INTRODUCTION
The traditional technologies cannot provide enough spectral efficiency and sum rate for future wireless systems [1] , [2] . In order to tackle this problem, the millimeter-wave (mm-wave) multiple-input multiple-output (MIMO) technology [3] and the massive MIMO technology [4] , [5] have been proposed. In mm-wave MIMO systems, wide bandwidth can be used to increase sum rate. Moreover, many antennas can be equipped in mm-wave MIMO systems, which also constitute massive MIMO systems. It can be seen that the spectral efficiency can be greatly improved in mm-wave MIMO systems [6] .
The sum rate of mm-wave MIMO systems with line-ofsight (LOS) transmission is investigated in [7] . Due to the limited number of radio frequency chains, hybrid beamforming, which is constituted with analog beamforming and digital beamforming, is becoming a promising technology for outdoor mm-wave systems [9] . The architecture of hybrid beamforming in mm-wave MIMO systems has been investigated in many papers [10] - [12] , and the capacity of these systems has also been derived in [13] - [15] . These hybrid beamforming approaches fully take use of the sparsity of the mm-wave channels to improve the energy efficiency and simplify the analog front-end. One of these hybrid beamforming approaches is the beamspace MIMO, which multiplexes the data symbols onto orthogonal spatial beams with the analog beamforming and achieves almost the optimal performance, i.e., the performance with conventional MIMO transceivers [16] - [19] .
Power allocation is an efficient way for mitigating interference in mm-wave beamspace MIMO systems. The signals in mm-wave frequency usually undergo LOS propagation [17] . Thus, the channels of the co-located user terminals (UTs) may be highly correlated and cause severe interference. Besides, other channels in mm-wave MIMO systems are correlated in low degrees and cause slight interference. Since the interference varies over the UTs, power allocation at the access point (AP) is an efficient way to mitigate such interference. Power allocation schemes for interference channels have been extensively studied, such as the geometric programming (GP) [20] - [22] , the fractional programming (FP) [23] , [24] , the successive convex approximation (SCA) [25] - [27] , and the iterative water-filling (IWF) [28] . However, the existing approaches for traditional systems are not suitable for the considered systems. For example, the GP in [20] and the SCA in [26] approximate the power allocation problem as a convex optimization problem but cause approximation error, which means these approaches are not optimizing the power for the original problem, the FP in [23] and [24] maximizes the power efficiency, which means that the ratio of the spectral efficiency to the power rather than the spectral efficiency is maximized, the IWF in [28] allocates the power at each UT rather than at the AP. For mm-wave beamspace MIMO systems, there are also several existing power allocation approaches. For example, [29] employs waterfilling to allocate power in the frequency domain, [30] investigates the problem of allocating power for each link independently, [31] studies the power on/off mechanism for the base station, [32] solves the problem of power allocation in the presence of inter-cell interference, and [33] studies the power allocation for each user pair. However, these approaches do not tackle the inter-user interference for the transmission between the AP and multiple UTs.
In this paper, a concavity approximation based power allocation approach is proposed for mm-wave MIMO systems. The sum rate of the system with minimum mean square error (MMSE) precoding is presented. The MMSE is employed because it can mitigate the interference and is general for MIMO systems, as in [17] and [18] . Note that the zero-forcing (ZF) is not employed here as the noise will be largely amplified when the channels are highly correlated. The asymptotic orthogonality of the channels is used to reveal the asymptotic concavity and monotonicity of the sum rate. Note that the asymptotic orthogonality means that the channels tend to be orthogonal when the number of the AP antennas tends to infinity. The reason is that each channel is the combination of multiple array response vectors, and the array response vectors tend to be orthogonal when the number of the AP antennas tends to infinity, which has been shown in [17] and [34] . Then, power allocation that exploits the approximate concavity of the sum rate is proposed to mitigate interference and achieve the near maximal sum rate. As the number of the AP antennas tends to infinity, the approximation error tends to zero, which means the proposed approach tends to achieve the optimal performance. With typical system parameters, the simulation shows that more than 200 AP antennas are enough to show the merits of the proposed approach. Finally, the impact of the system parameters on the system performance is analyzed. The main contributions of this paper are two-fold.
1) The concavity and the monotonicity of the asymptotic sum rate is revealed. Since the approximation error decreases with the increase of the AP antennas, the proposed method is expected to cancel more interference and achieve higher spectral efficiency than these existing approaches.
2) The impact of the system parameters on the system performance is analyzed. The analysis shows that interference decreases with the increase if the number of the AP antennas. This paper is organized as follows. In Section II, the system model and the assumptions are given. Section III first presents the sum rate, then shows the proposed power allocation scheme. In Section IV, the impact of the system parameters on the performance of the proposed approach is analyzed. Section V gives the simulation parameters and the numerical results. Finally, conclusions are drawn in Section VI.
Notations: Lower-case (upper-case) boldface symbols denote vectors (matrices); I K represents the K × K identity matrix; (·) H and E{·} denote the conjugate transpose and the expectation, respectively; [·] j is the j-th element of a vector or the j-th column of a matrix; [·] j,k is the element in the j-th row and k-th column of a matrix; tr{·} is the trace of a matrix; | · | is the cardinality of a set; and i is the imaginary unit.
II. SYSTEM MODEL
We considered the mm-wave MIMO system that employs the beamspace processing. The system is depicted in Fig. 1 and is similar to that in [16] . The system consists of one AP and K UTs. The AP is equipped with one discrete lens array (DLA), which can be analytically modeled as a uniform rectangular array (URA) with N antennas [16] , [17] . Each UT has M antennas which form a linear array. The UTs randomly distribute in front of the array and communicate with the AP simultaneously. Since the propagation in mm-wave systems is highly directional, only partial beams (each beam corresponds to one direction in the space) need to be utilized for transmission. Thus, the beamspace principle, which takes use of only partial beams, can mitigate the interference and improve the power efficiency for mm-wave MIMO systems. Moreover, advanced analog front-end design can be employed to simplify the system. As can be seen, the number of analog-to-digital/digital-to-analog (A-D/D-A) converters or transceiver modules is N b , rather than N for conventional MIMO systems, where N b N . The difference is that the beam selector and the DLA can form the beams and there are only N b analog inputs rather than N digital inputs in the conventional MIMO systems. In this paper, we focus on the downlink transmission. It is assumed that time division duplex mode is adopted, which means the reciprocity of the two-way channels holds. The received signal at the UTs can be expressed as
where H ∈ C N ×KM is the channel matrix from the UTs to the AP, x ∈ C N ×1 is the transmitted signal from the AP, n ∈ C KM ×1 is the noise received at the UTs, and is composed of independent and identically distributed (i.i.d.) complex random variables with zero mean and variance one. According to the beamspace principle, the transmitted signal from the AP can be expressed as [17] 
where U b ∈ C N ×N b is the beamforming matrix formed by the DLA and satisfies U H b U b = I N b , N b is the number of beams selected for all the UTs; F b ∈ C N b ×KM is the precoding matrix employed for the K digital streams; s ∈ C K ×1 is the transmitted data symbols for the UTs, and are i.i.d. complex random variables with zero mean and variance one; P ∈ R K ×K is a diagonal matrix of the transmission powers of the data symbols; T ∈ R KM ×K is the transforming matrix
Here, the matrix T is used to allocate the symbols for each UT. As an example, the k-th UT has M antennas, the (k −1)M +1-th to te kM -th columns of F b are designed for this UT, and T makes the corresponding rows of T
√
Ps being only related to the symbol [s] k . In (2), the beamforming matrix U b is constructed according to beam selection result. There are some beam selection approaches in the papers, such as [17] , [19] , and [34] . The direct way is to select beams for each UT that are of the highest correlation with the channel of this UT. Since the beams are in the form of the array manifold vector, and can be represented by two parameters, usually named spatial frequencies, the correlation value can be replaced with the differences between the spatial frequencies and the corresponding channel parameters of each UT. This can further simplify the beam selection process. Here, we take the channel correlation as the metric for beam selection.
As known to all, the LOS propagation is predominant in mm-wave transmissions, and there are also some multipaths. Then, the channel from the m-th antenna of the k-th UT to the AP can be expressed as [H] 
where α k,0 and α k,p , p = 0 are the complex path losses of the LOS path and the multipath, θ k,p and φ k,p are the azimuth direction-of-arrival (DOA) and elevation DOA, respectively, ϕ k,p is the direction-ofdeparture, P is the number of multipaths. Note that α k,0 can be zero for the blockage of the LOS path.
where N x and N y are the numbers of antennas in the horizontal and vertical directions of the URA. This channel model is the analytical model of the DLA. In addition, the indices are n = n y N x + n x + 1,
The other assumptions and the corresponding results used in this paper are as follows.
1) The AP has perfect knowledge of the channel H. Then, the beamforming matrix U b in (2) can be constructed according to the channel matrix H, such as those shown in [17] and [34] .
2) The transmission power of the AP is limited by ρ, i.e., tr{E{xx H }} = ρ. According to the expression of x in (2), we have tr{E{xx H }} = tr{F b TPT H F H b }. Thus, the power constraint can be re-expressed as
With the system model and the assumptions, power allocation will be investigated in the following section.
III. POWER ALLOCATION
As shown earlier, power allocation is important to mmwave beamspace MIMO systems but is rarely investigated. Meanwhile, the existing power allocation approaches are not suitable for mm-wave beamspace MIMO systems due to the approximation error. In this section, the sum rate of the considered system is presented, and one scheme is proposed to optimize the power allocation.
Substituting (2) into (1) results into
where
is the beamspace channel matrix. With traditional linear precoding strategies, the sum rate of each UT is affected by the channels of other UTs. In the following, we will analyze the sum rate of the system with one linear precoding strategy, the MMSE precoding.
When MMSE precoding is employed, the precoding matrix is
Then, substituting (6) into (5) yields
where (7) is derived by substituting the singular value decom-
into the first equation, where V ∈ C KM ×KM is the matrix of the left singular vectors, D ∈ R KM ×KM is the matrix of singular values, and
On the other hand, the power constraint has a simpler expression. Substituting (8) into (6) results into
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Then, substituting (10) into (4) yields
where the third equation is derived by substituting (8) into the second equation.
According to the expression of the received signal in (7), the sum rate of the system is
in whichD is defined in (9) . As a result, the maximization of the sum rate can be denoted as
Note that the optimization arguments, p k , k = 1, 2, · · · , K are the powers of the data symbols of the UTs. From this object, we have the following observation. The object is to optimize the powers of the UTs subject to power constraint, which means that the object is an optimization of the power allocation.
With the optimization problems presented, we will continue to solve this problem and present the proposed scheme. It is known that the sum rate in (13) is a standard form of the sum rate of systems with interference channels, and the optimization problem in (15) is not a convex optimization problem. In order to solve this problem, various optimization approaches have been proposed, among which the GP approach [20] - [22] and the SCA approach [25] - [27] are mostly used. These approaches approximate the original problem as a convex optimization problem, but the high signal-to-noise ratio (SNR) approximation [20] or the firstdegree Taylor polynomial approximation [26] causes error. Thus, we will try to form an optimization approach by taking use of the asymptotic orthogonality of the mm-wave beamspace MIMO channels. First, we will approximate the initial optimization problem in (13) as a convex optimization problem with the aid of the asymptotic orthogonality of the mm-wave beamspace MIMO channels.
Denote the summation item in (13) as
Then, we have
When
According to the concavity of the log functions, it can be seen that R MMSE is a concave function of the vector
Then, the standard convex optimization approaches can be employed to solve the problem. Here, one proposition is presented to show that the approximation a k,k ≈ 0, ∀k = k is reasonable for mm-wave beamspace MIMO systems. Proposition 1: As the number of the AP antennas, N x and N y , tend to infinity, a k,k → 0, ∀k = k.
It is shown in [13] and [14] 
This asymptotic orthogonality can be extended to the asymptotic orthogonality in the proposition.
It is known that mm-wave beamspace MIMO system is likely to equip a large number of antennas at the AP, which means the conclusion in Proposition 1 holds for the considered system. Thus, we can take the sum rate R MMSE as a concave function of the vector [p 1 , p 2 , · · · , p K ]. Then, various convex optimization algorithms, such as the gradient descent method and the Newton's method, can be employed to search for the optimum power allocation. However, these algorithms update the power vector [p 1 , p 2 , · · · , p K ] in each iteration. Also, the water filling approach can be employed. However, a k,k = 0, ∀k = k, which makes the water filling solution not the optimal solution. Hence, an approach that utilizes the approximate concavity, which means that the sum rate may still be a concave function with a k,k = 0, ∀k = k, will yield a better solution than the water filling approach.
Here, an optimization algorithm that only updates the powers of partial UTs is proposed. According to the convex optimization theory, the near optimal power allocation should satisfy
∂p k = 0, ∀k. According to (16) and (18), the above equation can be equivalently written as
Note that the satisfaction of the above equation is approximately equivalent to the object in (15) . Then, the optimization problem in (15) is changed into
Meanwhile, the power constraint in (15) can be equivalently expressed as
Substituting (20) into (17) can eliminate the equality constraint in (15), which yields
and the optimization problem in (19) is changed into
Then, another proposition should be presented to simplify the optimization object in (23).
Proposition 2: As the number of the AP antennas, N x and N y , tend to infinity, the optimization object in (23) is equivalent to
Proof: According to Proposition 1, as N x and N y , tend to infinity, a k,k → 0, ∀k = k. In this case, only the derivative to the numerator ofḡ k needs to be taken into consideration in the derivative ofḡ k . Thus, the derivative ofḡ k can be written as
From (21), (22) , and (25), it can be found that
Substituting the above equation into (19) yields
From (25) and (26), we have
Substituting (28) into (27) yields
Therefore, the optimization object in (23) is equivalent to the optimization object in (24) . According to Proposition 2, we can replace the optimization problem in (23) with
is defined for the convenience of writing the expressions. Note here we also uses the asymptotic property to simplify the problem, but we do not take a k,k as zero. In other words, only the approximation of a k,k ≈ 0 is used, but it is not taken as zero here. According to the optimization problem in (29) and the monotonicity and the concavity off k , the power allocation should obey the following principles.
Principle 1: In order to increase the sum rate of the system, the power of the UT with the largest ∂f k /∂p k /b k should be increased, and the power of the UT with the smallest ∂f k /∂p k /b k should be decreased.
Principle 2: If we sort ∂f k /∂p k /b k , k ∈C MMSE in decreasing order, this order may change with the change of the power p k , k ∈C MMSE . Note thatC MMSE is the set of UTs with positive power, and C MMSE is the set of UTs with power of zero. Thus, the UTs that should change power are not fixed when the power changes, and the changes of the powers and UTs will not stop until ∂f k /∂p k /b k is the same for k ∈C MMSE . 
Solving the above two equations results into
and
Based on these principles, a concavity approximation based power allocation algorithm, i.e., Algorithm 1, is proposed, where the parameter σ can be set to be
Other details are not shown in the algorithm for brevity. For example, the algorithm will break if the variance of the derivatives in the current loop is much larger than that in the previous loop, and this is not shown in the algorithm.
The convergence of the proposed algorithm is easy to verify. Asf k monotonically increases with p k and is a concavity function of p k , the powers of UTs with smaller/larger values of ∂f k /∂p k /b k can be decreased/increased. Moreover, UTs with extremely small ∂f k /∂p k /b k and p k can be allocated with no power. In the extreme case, only one UT is allocated with power, as can be seen, this definitely satisfies the stop criterion in the algorithm. Therefore, it is guaranteed that the iteration will converge.
For the case that some of the paths are blocked, which means some beams may also be blocked, the proposed approach can still work with supplementary strategies. If all the paths of a UT are blocked, then this UT will not be scheduled and the UT will not be included in the power allocation process. If the paths of a UT are not completely blocked, then the effective paths can be utilized for transmission. Thus, the beams for this UT can be selected and the UT will be included in the power allocation process in the proposed approach.
From the above analysis, it can be found that the proposed approach updates the powers toward the point of equal first order derivative, which is also the point of the maximal sum rate for mm-wave beamspace MIMO systems with
Algorithm 1 Proposed Power Allocation
Initialize: Set C MMSE as an empty set, set C MMSE as the set of the indices of all the UTs, set the powers of the UTs as
Find the maximum and minimum in end if 8: end while N x and N y tending to infinity. Therefore, it is expected that the proposed approach can achieve near optimal performance in the considered mm-wave beamspace MIMO system. Moreover, the proposed approach approximates the original optimization problem as a convex optimization problem by using the asymptotic orthogonality of the mm-wave channels. In contrast, the existing SCA approach [25] - [27] and the GP approach [20] - [22] approximate the original problem as a convex optimization problem in other ways, such as the high signal-to-interference-plus-noise ratio (SINR) approximation [20] or the first-degree Taylor polynomial approximation [26] . Thus, the approximation error deteriorates the SCA and the GP. The channel asymptotic orthogonality is evident in mm-wave systems and the approximation error is expected to be smaller than those in the SCA and the GP. Therefore, the proposed approach is expected to perform better than the SCA and the GP.
Till now, the optimization problem of power allocation has been presented and solved. In the following section, we will analyze the impact of system parameters on the performance of the proposed scheme and compare it with the existing approaches in more detail.
IV. PERFORMANCE ANALYSIS
According to the previous derivation, it can be seen that the proposed approach is suited for mm-wave beamspace MIMO system with MMSE precoding. In this section, the relation between the performance of the MMSE precoding and the system parameters will be analyzed, which also indicates the relation between the proposed scheme and the system parameters. Moreover, the proposed approach will be compared with the existing approaches.
A. IMPACT OF SYSTEM PARAMETERS
The impact of the beamspace channel correlation on the performance of the system can be summarized in the following theorem.
Theorem 1: As the beamspace channel correlation, i.e.,
decreases, the interference between the j-th UT and the l-th UT decreases. The result is easy to see and the proof is omitted. It is known that the channel correlation in mm-wave MIMO systems decreases with the increase of the antennas. With beamspace processing, the channel is transformed into the beamspace with beams generated by the DLA. In fact, the analog beamforming beams are utilized to transform the MIMO channels into another orthogonal space with only the dominant dimensions left. Thus, the beamspace channel correlation also decreases with the increase of the antennas. Then, the impact of the distance between the UTs on the performance of the system can be illustrated.
Corollary 1: As the distance between two UTs decreases, the interference between the two UTs increases.
Proof: When the distance between two UTs decreases, the differences between the DOAs of two UTs tend to zero. According to the definitions of H in (3) and H b , two rows of H H b H b tend to be the same, i.e., tend to be highly correlated. According to Theorem 1, the interference between the two UTs increases.
Meanwhile, the impact of the number of the AP antennas on the performance of the system can be summarized in the following corollary.
Corollary 2: As the number of the AP antennas, N x and N y , tend to infinity, the interference among the UTs decreases.
Proof: According to Proposition 1, as N x and N y tend to infinity, (1/N )H b H H b tends to be a diagonal matrix. According to Theorem 1, the interference among the UTs decreases.
According to these two corollaries, it can be seen that the increase of the number of the UTs results into the increase of the interference, while the increase of the number of the AP antennas results into the decrease of the interference. In mmwave MIMO systems considered, the AP is equipped with a large number of antennas. Thus, the system can serve a large number of UTs.
B. COMPARISON WITH THE EXISTING APPROACHES
For the GP approach in [20] , R MMSE in (13) 
This is a convex optimization with equality constraints and is solved in [20] .
For the SCA approach in [26] , R MMSE in (13) is written as
By approximating v(p) with the first-degree Taylor polynomial, we have
∈ C K ×1 is the derivative point in the t-th iteration, r p (t) = ∂v(p (t) )/∂p (t) ∈ C K ×1 . This approximated −R MMSE is a convex function of p. Then, the optimized value of p is taken as p (t+1) and is used in the t + 1-th iteration. However, this approximation also causes error, which is not negligible when the interference power,
close to zero. Thus, this approach is suitable for cases of large interference power. For clarity, the comparison is shown in Table 1 .
In comparison with a system with no power allocation, the computational complexity of the proposed approach will also be analyzed here. By taking the division the same as the multiplication, the number of multiplications costed by step 2 of Algorithm 2 is on the order of 3K |C MMSE |, the number of multiplications costed by step 3 of Algorithm 2 is on the order of 13K . Thus, the number of multiplications costed by the proposed approach is on the order of 3K |C MMSE | + 13K . As can be seen, the computational complexity of the proposed approach is not high. For the GP approach, in each iteration, there are K 2 multiplications, which means the number of multiplications costed by the GP is on the order of K 2 . For the SCA approach, in each iteration, there are K 3 multiplications, which means the number of multiplications costed by the SCA is on the order of K 3 . Because |C MMSE | ≤ K , when the GP and the SCA are compared with the proposed approach, it can be seen that the computational complexity of the proposed approach is lower than or similar to that of the other two approaches.
With the above analysis, we know that the MMSE precoding as well as the proposed scheme are suited to the mm-wave beamspace MIMO system considered. In the next section, we will evaluate the system performance with varying system parameters in simulations. 
V. NUMERICAL RESULTS
In this section, the spectral efficiencies of the mm-wave beamspace MIMO system with the MMSE precoding and the considered approaches are compared by computer simulations. The simulation parameters are set by referring to [17] . The number of UTs is K = 100, the number of beams selected for each UT is N b /K = 2, the numbers of antennas are N x = 32 and N y = 151, the height of the AP is 10 m, the distance from the UT to the foot of the AP ranges from 10 m to 100 m, the signal-to-noise ratio (SNR) is −5 dB, the transmission frequency is 80 GHz. The UTs distribute randomly in a sector of 120 • , the center of which is the foot of the AP. The number of multipaths for each UT is P = 2, and the probability of the blockage of the LOS path is 0.1. The number of antennas in each UT is M = 4. Since the expectation of the square of the complex path loss E{α 2 k } is on the order of 10 −12 for two points with the minimal and the maximal distances to the foot of the AP, and there are many antennas at the UT, the SNR is taken as 10 −7 ρ in the simulations. Moreover, the MMSE precoding for comparison allocates the powers equally to all the UTs and is denoted as ''Equal allocation''. The GP approach in [20] and the SCA approach in [26] are modified for the considered system and the modified approaches are denoted as ''GP'' and ''SCA'', respectively. The proposed approach is denoted with the label ''Proposed allocation''.
In Fig. 2 , the spectral efficiencies versus the SNR is depicted. It can be seen that the spectral efficiencies of all the schemes increase with the increase of the SNR. Additionally, the spectral efficiency of the proposed approach is higher than that of other approaches when the SNR is relatively low. This verifies that the approximation of concavity holds in mmwave beamspace MIMO system, which is more suitable than the approximations employed in the GP approach and the SCA approach. When the SNR is high, the derivative of the sum rate is almost invariant, and the differences between the power allocations are small. Fig. 3 shows the relation between the spectral efficiencies and the number of the UTs. It can be seen that the spectral efficiencies of all the schemes increase with the increase of the number of the UTs. This is because the effect of power allocation becomes more evident as the number of the UTs increases. Fig. 4 demonstrates the change of the spectral efficiencies in accordance with the change of the number of the AP antennas. It can be seen that the spectral efficiencies of all the approaches increase with the increase of the number of the AP antennas. As the number of the AP antennas increases, the channels tend to be orthogonal, the interference among the UTs decreases. Thus, the performances of all the approaches improve. This phenomenon verifies the performance analysis given in Corollary 2. Meanwhile, the performance of a system with equal power allocation is better than that of the GP approach when the number of the AP antennas is small. This is because the SNR is very low in this case, and the approximation error of the GP approach is high, i.e., the GP approach is in fact optimizing the power allocation for a problem that differs much with the original problem. 5 shows the spectral efficiency versus the probability of the blockage of the LOS path. As can be seen, the spectral efficiency decreases with the increase of the probability of the blockage. This is because the LOS path is of lower path loss than the multipath and the multipath should be used for transmission when the LOS is blocked. Meanwhile, the proposed approach still performs better than other approaches. Fig. 6 shows the variance of derivative during the iterations of the proposed approach. From the illustration of Algorithm, it is known that the proposed approach converges when the variance of derivative decreases. Thus, Fig. 6 shows the speed of convergence of the proposed approach. In this figure, the larger the number of UTs in the system, the larger the variance of the initial derivative. As the iteration goes on, the variances of all the approaches decrease rapidly. This result verifies that the proposed approach can converge quickly and is suitable for implementation.
VI. CONCLUSIONS
In this paper, the power allocation is investigated for mmwave beamspace MIMO system with the MMSE precoding. The sum rate of the system with the precoding method is presented first, which is then utilized to form the optimization problems. The asymptotic properties of the sum rate are employed to approximate the original optimization problem as a convex optimization problem and allocate the powers to maximize the sum rate. The analysis and the simulations verify that the proposed approach is suitable for the considered system.
